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® stent (Cordis ® , Baar, Switzerland) followed within hours by chest pain, ectopy, and nonsustained ventricular tachycardia. Chest X-ray showed migration of the IVC stent to the right atrium (RA). The patient was taken emergently to interventional radiology where fluoroscopy showed further migration into the right ventricle (RV; Figure 1A ). Attempted endovascular removal by interventional radiology was unsuccessful, and the patient was taken for emergent open surgical removal. Pre-bypass intraoperative transesophageal echocardiography (TEE) showed the stent in the RV with severe tricuspid regurgitation (TR; color-flow Doppler, midesophageal [ME] 4-chamber view, Video 1; all videos are available at http://journals.sage pub.com/home/scva). Multiplane 2D imaging of the ME 4-chamber view and ME long-axis (LAX) view ( Figure 2 ) and 3D reconstruction of the RV inflow-outflow and ME LAX view (Video 2) confirmed the location of the stent in proximity to the subvalvular apparatus. After median sternotomy, a bicaval drainage cannula was placed via the right femoral vein and an ascending aortic outflow cannula, and the patient was initiated on cardiopulmonary bypass (CPB). Intraoperative surgical inspection showed the stent tangled in the subvalvular chordae. Despite a technically challenging extraction, inspection of the valve did not reveal damage to the valve leaflets, so the decision was made to close the RA, wean from bypass, and assess valve function with echocardiography. After RA closure TEE showed severe residual TR (Video 3; Figure 1B ). CPB was reinitiated, the RA was reopened, and the tricuspid valve (TV) was repaired with placement of a 26-mm Tri-Ad ™ annuloplasty ring. After TV repair, atrial closure, and weaning from CPB, 2D color-flow Doppler (ME RV inflow-outflow view; Figure 3A ) and continuous wave Doppler (Modified bicaval view; Figure 3B ) showed minimal TR with a mean gradient of 1.8 mm Hg during diastole. The patient was successfully weaned from CPB without mechanical or inotropic support and transferred to the intensive care unit. Unfortunately, the patient's immediate postoperative course was complicated by spontaneous bacterial peritonitis followed by acute kidney injury that progressed to end-stage renal disease. 
Discussion
Intravascular foreign bodies (IVFBs) may be either iatrogenic (ie, medical devices or intravascular catheters) or traumatic, [1] [2] [3] and embolization of IVFBs may result in severe complications requiring acute surgical or percutaneous intervention. The increasing use of endovascular interventions coupled with the large number of published case series detailing complications 2,4-11 attest to the likelihood that anesthesiologists will encounter a case of IVFB embolization during their careers. Echocardiography is essential to the diagnosis and management of traumatic 3 and iatrogenic intravascular foreign bodies embolized to the heart because it can identify not only the foreign body but also hemodynamically significant lesions to radiolucent anatomic structures prior to and during surgical exploration.
Embolization of IVFBs may present with symptoms of chest pain, arrhythmia, and venous or arterial obstruction after endovascular procedures, mimicking a variety of other serious complications: thromboembolism, myocardial ischemia, cardiac tamponade, or dissection of large arteries. While the large majority of IVFBs are intravenous catheter fragments retrievable by endovascular means, 2,4 a majority of case reports of requiring open surgical removal involved migrated superior vena cava or inferior vena cava stents or plugs for atrial septal defects (ASD) or patent ductus arteriosus. 2, 4, 7, 10 Compared to guide wires or catheter fragments, fractured IVC filters and plugs for ASD or patent ductus arteriosus closure have a higher incidence of embolization to the heart or main pulmonary artery (PA) and more frequently cause symptoms including significant arrhythmias, perforation, or PA occlusion.
In cases of embolized IVFBs, a comprehensive TEE examination should be carried out with the goals of (1) localizing the IVFB and (2) identifying associated injuries such as perforating or obstructing lesions of the myocardium, septum, ventricular outflow tracts, or great vessels, damaged valves or subvalvular structures, and hemopericardium with cardiac tamponade. A list of these complications along with expected TEE findings is listed in Table 1 .
Localization of the IVFB should be carried out prior to cannulation for cardiac bypass whenever possible to determine cannulation strategies that minimize risks of IVFB dislodgement with further migration or cannula obstruction. Use of simultaneous orthogonal 2D imaging (X-plane) or 3D reconstruction of the foreign body may help localization and determining its orientation. Use of TEE for this does present some limitations. Larger IVFBs such as IVC stents or ASD plugs should be apparent as highly echogenic round or cylindrical structures, but smaller diameter guidewires, catheter fragments, or fractured IVC filters may be minimally echogenic based on orientation or obscured by acoustic shadows. They may mimic central lines or bypass cannulae. Hemodynamically stable patients may benefit from computed tomography scanning, which may better identify the orientation and precise location of IFVBs. 3, 7 Since most IVFBs will embolize to the right heart, thorough examination of RA, interatrial septum, tricuspid and pulmonary valves, and RV should be conducted using a combination of ME and transgastric views with and without color-flow Doppler to identify regurgitant lesions or shunts from perforation. Echo contrast or bubble studies may aid this evaluation. Examination of the TV using TEE should include 2D and color-flow Doppler imaging in the ME 4-chamber, RV inflow-outflow, and modified bicaval views to look for abnormalities in valve structure, flail leaflets, ruptured chordae, and size and trajectories of regurgitant jets. Additional information about individual valve leaflet structural and coaptation defects may be gained in the transgastric TV short axis view. Precise quantification and grading of TR severity is complicated and requires integration of multiple parameters and measurements (for a more thorough discussion, readers should refer to the most recent American Society of Echocardiography Guidelines 12 ). In addition to obvious structural lesions such as flail leaflets or large valve perforations, colorflow Doppler assessment of regurgitant jet area >10 cm 2 , vena contracta diameter >0.5 cm, and PISA (proximal isovelocity surface area) radius >0.7 cm with Nyquist limit at 50 to 60 cm/s suggest severe TR. Importantly in acute severe TR, RA and RV volumes may be normal. Additionally, use of continuous wave and pulse wave Doppler showing dense, triangular-shaped TR velocities and hepatic vein systolic flow reversal may help different severe TR from mild or moderate TR.
Further TEE evaluation should include the PA and aorta in long axis and short axis in the upper esophageal views. Examiners should be alert for areas of accumulating pericardial blood or thrombus, including the transverse sinus. Although the right heart and pulmonary circulation are the logical destinations for IVFBs, embolized fragments can perforate and cross into the left-sided circulation, so the left atrium, ventricle, and aortic and mitral valves should be examined, particularly in unstable patients.
In conclusion, intracardiac embolization of medical devices or traumatic foreign bodies may lead to a variety of severe complications that require urgent intervention, as exemplified by the case described above in which TEE was used to guide intraoperative surgical decision making after intracardiac IVC stent removal. Although other imaging modalities may be helpful in these cases, echocardiography (particularly TEE) is essential to promptly diagnose and guide management of sequelae of embolized IVFBs such as valve damage, myocardial perforations, obstructive lesions, or tamponade. Our case and discussion should help echocardiographers and cardiac anesthesiologists anticipate these potential complications and incorporate assessment for these complications into the context of a thorough TEE exam.
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